Effect of Process Parameters on Tool Wear and Surface Roughness during Turning of Hardened Steel with Coated Ceramic Tool  by Suresh, R. & Basavarajappa, S.
 Procedia Materials Science  5 ( 2014 )  1450 – 1459 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).















HVWDEOLVKHG 3ODQ RI H[SHULPHQWV ZDV HPSOR\HG EDVHG RQ WKH FHQWUDO FRPSRVLWH GHVLJQ &&' FRQFHSW RI UHVSRQVH VXUIDFH




FRQILGHQFH LQWHUYDOV7KH UHVXOWV LPSO\ WKDW WKHPRGHOFDQEHXVHGHDVLO\ WR IRUHFDVW WRROZHDUDQGVXUIDFH URXJKQHVV LQ
UHVSRQVHWRFXWWLQJSDUDPHWHUV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV +DUGWXUQLQJ FRDWHG FHUDPLFWRRO WRROZHDU VXUIDFH URXJKQHVV UHVSRQVH VXUIDFH PHWKRGRORJ\
 ,QWURGXFWLRQ
+DUG WXUQLQJKDVEHHQ XVHG LQFUHDVLQJO\ LQ LQGXVWU\ 1XPHURXV VWXGLHV KDYHEHHQ UHSRUWHGRQ WKH VXFFHVVIXO
&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVV VXUHVKFKLUX#JPDLOFRP
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014




HWDO <DOODVHHW DO )QLGHVHW DO DQG%RXDFKDHW DO  6HYHUDO PDWKHPDWLFDOPRGHOV
KDYH EHHQ SURSRVHG E\ GLIIHUHQW UHVHDUFKHUV WR DQDO\]H WKH LQIOXHQFH RI FXWWLQJ FRQGLWLRQV RQ WRRO SHUIRUPDQFH
VXUIDFHILQLVKDQGWRRSWLPL]HPDFKLQLQJSDUDPHWHUVIRUWXUQLQJRIKDUGHQHGVWHHO%RXDFKDHWDO +RUQJHW
DO<DQJDQG7DUQJ DQG &KRXHWDO 
<RQJDQG7DUQJXVHG7DJXFKLPHWKRGIRURSWLPL]LQJWKHFXWWLQJSDUDPHWHUV RQWRROZHDU LQWXUQLQJRI
KDUGHQHG VWHHO ZLWK FDUELGH LQVHUWV 7KH\ REVHUYHG WKDW DEUDVLRQ LV WKH GRPLQDQW ZHDU PHFKDQLVP XQGHU WKH
FRQVLVWHQWFXWWLQJFRQGLWLRQV DQG GLIIXVLRQZHDUXQGHUKLJKHUFXWWLQJFRQGLWLRQV +RUQJHW DO  DSSOLHG WKH
UHVSRQVHVXUIDFHPHWKRGRORJ\560 WRLQYHVWLJDWHWKHLQIOXHQFHRIFXWLQJFRQGLWLRQVRQVXUIDFHURXJKQHVVDQGWRRO
ZHDULQWXUQLQJRIKDUGHQHGVWHHOZLWKFHUDPLFLQVHUWV 7KH UHVXOWV LQGLFDWHGWKDWWKH IODQNZHDULVLQIOXHQFHGE\WKH
FXWWLQJVSHHG DQGWKHLQWHUDFWLRQHIIHFWRI FXWWLQJVSHHGDQG IHHGUDWHZLWK WRROQRVHUDGLXVKDYHVLJQLILFDQWHIIHFW
RQWKHVXUIDFHURXJKQHVV &KRXHWDO  REVHUYHGDEHWWHUVXUIDFH ILQLVK LQ WXUQLQJ RI KDUGHQHG VWHHOZLWKORZ
&%1FRQWHQWWRROV 6LPLODUO\%HQJDDQG$EUDRDQG.XPDUHWDO DFKLHYHG KLJKVXUIDFHTXDOLW\ ZLWK
FHUDPLFWRROV GXULQJKDUGWXULQJ
*U]HVLN  LQYHVWLJDWHG WKH HIIHFW RI WRRO ZHDU RQ VXUIDFH URXJKQHVV LQ WXUQLQJ RI KDUGHQHG VWHHO 7KH
UHVXOWVVKRZVWKDW WKHUH LVDJRRG UHSOLFDWLRQRIWKH FXWWLQJ WRRO RQWKH VXUIDFHURXJKQHVVSURILOH WKH WRROZHDUDQG
IHHGUDWHDIIHFWVWKH VXUIDFH TXDOLW\ 'DYLPDQG)LJXHLUD  FDUULHG RXWWKH RSWLPL]DWLRQ RI SURFHVV SDUDPHWHUV
IRU WKHPDFKLQLQJRI KDUGHQHG $,6,'WRROVWHHOZLWK FHUDPLFWRROV XVLQJ VWDWLVWLFDO WHFKQLTXHV 7KH\REVHUYHG
WKDW WKHEHWWHUVXUIDFHILQLVKFDQEHDWWDLQGE\VHOHFWLQJVXLWDEOH FXWWLQJSDUDPHWHUV /LPDHWDO  LQYHVWLJDWHG
WKHPDFKLQDELOLW\FKDUDFWHULVWLFVRIKDUGHQHGVWHHOVXVLQJFHUDPLFWRRO7KH\IRXQGWKDW WKH VXUIDFHURXJKQHVVRIWKH
PDFKLQHGSDUWV ZDV LPSURYHGZLWKLQFUHDVHLQFXWWLQJVSHHGDQG GHWHULRUDWHV ZLWKLQFUHDVHLQIHHGUDWH
$VODQ HW DO VWXGLHG WKH HIIHFW RI FXWWLQJ SDUDPHWHUV RQ VXUIDFH URXJKQHVV DQG WRRO IODQN ZHDU GXULQJ
WXUQLQJRIKDUGHQHG $,6, VWHHOZLWKFHUDPLFWRROV E\XVLQJ 7DJXFKLWHFKQLTXHV 7KH\DFKLYHGRSWLPXPFXWWLQJ
FRQGLWLRQVDVUHVXOWVRIWKHLU LQYHVWLJDWLRQV7KH\LGHQWLILHGWKDW FHUDPLFWRROV DUHPRVWVXLWDEOHFXWLQJWRROIRUKDUG
PDFKLQLQJ SURFHVV 2]HODQG.DUSDW  GHYHORSHG WKH PXOWLSOH UHJUHVVLRQ PRGHOV DQGDUWLILFLDOQHXUDOQHWZRUN
$11 IRUSUHGLFWLQJWKHWRROZHDU DQGVXUIDFHURXJKQHVV LQWXUQLQJRI KDUGHQHG VWHHO ZLWK &%1WRROV4XL]DHWDO
 DOVR HVWDEOLVKHG D WRROZHDU SUHGLFWLRQPRGHOV IRU WXUQLQJ RI KDUGHQHG' VWHHO ZLWK FHUDPLF WRRO XVLQJ
VWDWLVWLFDO DQG $11 WHFKQLTXHV
)URPWKHOLWHUDWXUH UHYLHZLWUHYHDOVWKDWWKH&%1WRROVDUH H[FHOOHQWSHUIRUPDQFHGXULQJWXUQLQJRIKDUGHQHG
VWHHOV KRZHYHU WKHLU FRVWV DUH UHDVRQDEO\ KLJKHU DV FRPSDUHG WR FHUDPLFV (]XJZX HW DO 7KH PDLQ
REMHFWLYHRIWKLVVWXG\LVWRRSWLPL]HWKHFXWWLQJSDUDPHWHUVIRUDWWDLQLQJPLQLPXPVXUIDFHURXJKQHVV DQGORQJHUWRRO
OLIHZKLOHPDFKLQLQJRI KDUGHQHG$,6,+VWHHOZLWKFRDWHGFHUDPLFWRRO $QGDOVRLWLV LPSRUWDQW WRXQGHUVWDQGLQJ
RI WKH UHODWLRQVKLS EHWZHHQ FXWWLQJ SURFHVV ZRUNSLHFH SURSHUWLHV DQG FXWWLQJ SHUIRUPDQFH 5HVSRQVH VXUIDFH
PHWKRGRORJ\ 560 KDV EHHQ XVHG WR DFFRPSOLVK WKLV REMHFWLYH$GGLWLRQDOO\ D VWDWLVWLFDO DQDO\VLV $129$ LV




7KHPDFKLQLQJ WHVWVZHUHSHUIRUPHGRQ WKHZRUNPDWHULDOVHOHFWHGIRU WKLV LQYHVWLJDWLRQ LVDQ$,6,+KRW
ZRUN GLH VWHHO LQ WKH IRUP RI URXQG EDUV RI PP GLDPHWHU DQG PP OHQJWK 7KH ZRUN SLHFH ZDV WKURXJK
KDUGHQHGIROORZHGE\WHPSHULQJSURFHVVWRDWWDLQKDUGQHVVOHYHORI+5F7KHFKHPLFDOFRPSRVLWLRQRIWKHZRUN
SLHFHPDWHULDOLVJLYHQLQ7DEOH7KH39'7L1FRDWHGFHUDPLFLQVHUWJUDGH .< ZLWK ,62 JHRPHWU\ &10*
 ZDVXVHGWRWXUQLQJRIKDUGHQHG$,6,+VWHHO7KHLQVHUWVZHUHPRXQWHGRQD 3&/1/0 ,62 WRRO
1452   R. Suresh and S. Basavarajappa /  Procedia Materials Science  5 ( 2014 )  1450 – 1459 
KROGHU ZKLFK UHVXOWHG LQ WKH IROORZLQJ JHRPHWU\ QRVH UDGLXV PP UDNH DQJOH  FOHDUDQFH DQJOH 
LQFOXGLQJDQJOHV DQGDSSURDFKDQJOH 
7DEOH 7KHFKHPLFDOFRPSRVLWLRQRI$,6,+VWHHOZRUNSLHFHLQSHUFHQWDJHE\ZHLJKW
& 6L 0Q 3 6 &U 1L 0R 9
        
 ([SHULPHQWDO3URFHGXUH
7KHGU\WXUQLQJ RIKDUGHQHG$,6,+VWHHOZDV SHUIRUPHGXVLQJ &1& ODWKH KDYLQJPD[LPXPVSLQGOHVSHHG
RI USPDQGVSLQGOHSRZHU RIN: 7KHSKRWRJUDSKRIWKHH[SHULPHQWDOVHWXSLVVKRZQLQ)LJ 7KHFXWWLQJ
SDUDPHWHUVDQGWKHLU OHYHOV ZHUH VHOHFWHGEDVHGXQGHUSUHOLPLQDU\WHVWV 7KHZRUNSLHFH PDWHULDOV ZHUH FOHDQHG E\
UHPRYLQJRXWHUOD\HU DQG FHQWHUHG SULRUWRDFWXDOWXUQLQJWHVWV ,QHDFKFXWWLQJFRQGLWLRQIUHVKFXWWLQJWRROZDVXVHG
DW D IL[HG FXWWLQJ WLPH RI PLQ 7KH H[SHULPHQWV ZHUH UHSHDWHG WZLFH DW HDFK FXWWLQJ FRQGLWLRQ LQ RUGHU WR
PLQLPL]H WKH H[SHULPHQWDO HUURUV 7KH DYHUDJH VXUIDFH URXJKQHVV 5D RQ PDFKLQHG VXUIDFH ZDV PHDVXUHG E\







URXJKQHVVDUHWKHRXWSXWUHVSRQVHV7KHLQIOXHQFH RIWKH FXWWLQJ SDUDPHWHUVRQVXUIDFHURXJKQHVV DQGWRROZHDU ZHUH
WHVWHG WKURXJK D VHW RI H[SHULPHQWV EDVHG RQ VWDQGDUG560GHVLJQ FDOOHG FHQWUDO FRPSRVLWH GHVLJQ &&' 7KH
IDFWRULDOSRUWLRQRI&&'LVIXOOIDFWRULDOGHVLJQZLWKDOOFRPELQDWLRQRIWKHIDFWRUV  DQG
DQG FRPSRVHG RI HLJKW VWDU SRLQWV DQG VL[ FHQWUDO SRLQW OHYHOZKLFK LV WKHPLGSRLQW EHWZHHQ WKH KLJKHVW DQG
ORZHVWOHYHOV7KHVWDUSRLQWVDUHDWWKHIDFHRIWKHFXELFSRUWLRQRQWKHGHVLJQZKLFKFRUUHVSRQGVWRĮYDOXH RIDQG









/RZHVW /RZ &HQWUH KLJK +LJKHVW
    
9F PPLQ     
I PPUHY     
G PP     
 $QDO\VLVRI5HVXOWV
7KH H[SHULPHQWDO UHVXOWV DUH DQDO\]HG ZLWK WKH KHOS RI VWDWLVWLFDO DQDO\VLV VRIWZDUH 0LQLWDE5 ZKLFK LV
ZLGHO\XVHGLQPDQ\ILHOGVRIHQJLQHHULQJUHVHDUFK7KH$QDO\VLVRIYDULDQFH $129$ KDVEHHQDSSOLHGWRFKHFN
WKH DGHTXDF\ RI WKH GHYHORSHG PRGHOV 7KH $129$ WDEOH FRQVLVWV RI VXP VTXDUHV PHDQ VTXDUHV GHJUHHV RI
IUHHGRP DQG SHUFHQWDJHRIFRQWULEXWLRQV 7KHVXPRIVTXDUH LV WKHUDWLR VXPVTXDUHVWRGHJUHHRIIUHHGRPDQG )




0DWKHPDWLFDOPRGHOV WRSUHGLFW WRROZHDUDQGVXUIDFHURXJKQHVVDUH IRUPXODWHGE\UHVSRQVHVXUIDFHUHJUHVVLRQ
DQDO\VLV7KHDGHTXDF\DQGVLJQLILFDQFHRI WKHGHYHORSHG UHJUHVVLRQPRGHOZDV WHVWHGXVLQJHVWLPDWHG UHJUHVVLRQ








9F PPLQ I PPUHY G PP 9%PD[ PP 5D P
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
1454   R. Suresh and S. Basavarajappa /  Procedia Materials Science  5 ( 2014 )  1450 – 1459 
 $QDO\VLVRI7RRO:HDU
7DEOHVKRZVWKHUHVXOWVRI$129$IRUUHVSRQVHVXUIDFHTXDGUDWLFPRGHOIRUWRROZHDU9%PD[)DFWRUVFXWWLQJ
VSHHG9FIHHGUDWHI DQGGHSWKRIFXWG DUHVLJQLILFDQWDVWKHLU 3YDOXH LVOHVVWKDQ,WLVREVHUYHGIURPWKH
$129$ WDEOH WKH FXWWLQJ VSHHG  LV WKH PRVW VLJQLILFDQW FXWWLQJ SDUDPHWHU IROORZHG E\ IHHG UDWH
+RZHYHUGHSWKRIFXWKDV OLVWHIIHFW  LQFRQWUROOLQJ WKH WRROZHDUZKLFK LV OHVVVWDWLVWLFDOO\




6RXUFH ') 6HT66 $GM66 $GM06 )YDOXH 3 &RQW 5HPDUNV
9FPPLQ        6LJQLILFDQW
IPPUHY        6LJQLILFDQW
GPP        6LJQLILFDQW
9FI        6LJQLILFDQW
9FG        6LJQLILFDQW
IG        6LJQLILFDQW
9F9F        6LJQLILFDQW
II        ,QVLJQLILFDQW
GG        ,QVLJQLILFDQW
(UURU     
7RWDO   
6LPLODUO\ UHJUHVVLRQ PRGHO JLYH H[WHQVLYH LQVLJKW WR XQGHUVWDQG DQ\ SUREOHP LQ JHQHUDO DQG RSWLPL]H WKH
IDFWRUVLQIOXHQFLQJWKHUHVSRQVHLQSDUWLFXODU7DEOHVKRZVWKHUHVSRQVHVXUIDFHUHJUHVVLRQDQDO\VLVIRUWRROZHDU
9%PD[ 7KH UHJUHVVLRQ PRGHO LQ WKH WHUPV RI FRGHG YDOXHV LV UHSUHVHQWHG E\ (TQ  DQG LWV FRHIILFLHQWV RI
FRUUHODWLRQ 5VT LV  7KH GHVLUDEOH YDOXH LV FORVH WR RQH ZKLFK LV 5VT  VKRZV WKDW WKLV PXFK
SHUFHQWDJHRIWKHYDULDELOLW\RIUHVXOWLVH[SODLQHGE\WKHPRGHO7KH (QT LOOXVWUDWH WKDWWKHFXWWLQJSDUDPHWHUV
DQGLQWHUDFWLRQWHUPFXWWLQJVSHHGDQGIHHGUDWHKDVD YLWDOUROHIRUGHWHUPLQDWLRQRIWRROZHDUDWWKHWLPHRIWXUQLQJ
7DEOH(VWLPDWHGUHJUHVVLRQFRHIILFLHQWVIRUWRROZHDU9%PD[
7HUP &RHI 6(&RHI 7 3
&RQVWDQW    
9FPPLQ    
IPPUHY    
GPP    
9F9F    
II    
GG    
9FI    
9FG    
IG    
7KHUHJUHVVLRQHTXDWLRQIRUWRROZHDU 9%PD[LV
9%PD[PP  9F I G  9F9F II  GG
 9FI9FG IG 




1455 R. Suresh and S. Basavarajappa /  Procedia Materials Science  5 ( 2014 )  1450 – 1459 
UHYHDOV WKH FKDUDFWHULVWLFRIWRROZHDULVFDXVHGE\WKHIDFWWKDWWKH VSHHGLVQRORQJHUWKHLQIOXHQWLDOIDFWRURQ ZHDU
+RZHYHULWLVPRUHOLNHO\WKDW WRRO ZHDULVWKH FRQVHTXHQFH RIWKHIHHG UDWH DQGGHSWKRI FXW,WFRXOG EHVHHQLQ)LJ






UDWH  KDV KLJKHVW VWDWLVWLFDO VLJQLILFDQW IROORZHG E\ GHSWK RI FXW  ZKHUHDV FXWWLQJ VSHHG
ZDVIRXQGWREHOHVVVLJQLILFDQWRQWKHVXUIDFHURXJKQHVV7KHLQWHUDFWLRQWHUPRI 9FILV OHVVVLJQLILFDQW
DQG IG DQG 9FG DUHLQVLJQLILFDQW4XDGUDWLFWHUPV 9F9F GG DQGII DUHLQVLJQLILFDQW7KHIHHGUDWHKDVWKHPRVW
GRPLQDQWHIIHFWRQPDFKLQLQJWKHKDUGPDWHULDOVIROORZHGE\WKHGHSWKRIFXW+RZHYHUOHVVVLJQLILFDQWHIIHFWZDV
REVHUYHGIRUFXWWLQJVSHHG7KLVPRGHOFDQDOVRHQDEOHDQLQVLJKWWKHLQWHUDFWLRQHIIHFWVRQWKHVXUIDFHURXJKQHVV
7KLV HTXDWLRQ VKRZV WKDW WKH VXUIDFH URXJKQHVV LQFUHDVHG ZLWK WKH LQFUHDVH RI IHHG UDWH DQG GHSWK RI FXW EXW
GHFUHDVHGZLWKLQFUHDVLQJWKHFXWWLQJVSHHG
7DEOH$129$IRUUHVSRQVHVXUIDFHUHGXFHVTXDGUDWLFPRGHORI VXUIDFHURXJKQHVV5D
6RXUFH ') 6HT66 $GM66 $GM06 )YDOXH 3 &RQW 5HPDUNV
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        6LJQLILFDQW
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   ,QVLJQLILFDQW
9F9F        ,QVLJQLILFDQW
II        ,QVLJQLILFDQW
GG        ,QVLJQLILFDQW
(UURU     
7RWDO   
7KHFRUUHODWLRQVEHWZHHQWKHPDLQIDFWRUVLQPDFKLQLQJWKHKDUGHQHG+VWHHOZLWKFRDWHGFHUDPLFWRROZHUH
REWDLQHGE\PXOWLSOHUHJUHVVLRQV 7DEOHVKRZVWKHUHVSRQVHVXUIDFHUHJUHVVLRQDQDO\VLVIRU VXUIDFHURXJKQHVV5D


























1456   R. Suresh and S. Basavarajappa /  Procedia Materials Science  5 ( 2014 )  1450 – 1459 
7DEOH(VWLPDWHG5HJUHVVLRQ&RHIILFLHQWVIRUVXUIDFHURXJKQHVV5D
7HUP &RHI 6(&RHI 7 3
&RQVWDQW    
9FPPLQ    
I PPUHY    
G PP    
9F9F    
II    
GG    
9FI    
9FG    




5VT   5VTDGM  
7KHPDLQHIIHFWVSORWIRUWKHVXUIDFHURXJKQHVV5DRIWKH+VWHHOPDFKLQLQJLVVKRZQLQ)LJ ,WLQGLFDWHV
WKDW WKHIHHG UDWHKDVWKH GRPLQDQWHIIHFWRQVXUIDFHURXJKQHVV5DIROORZHGGHSWKRIFXWEXWOHDVWHIIHFWZDVVKRZHG
E\ FXWWLQJ VSHHG  ,W FDQ EH FRQFOXGHG WKDW WKH KLJKHU FXWWLQJ VSHHG DQG ORZHU IHHG DQG GHSWK RI FXW LV EHVW IRU
PDFKLQLQJIRUKDUGHQHG+VWHHOZLWKFRDWHGFHUDPLF WRRO
)LJ0DLQHIIHFWSORWIRU6XUIDFHURXJKQHVV5D
,QVSHFWLRQ RI VRPH GLDJQRVWLF SORWV RI WKHPRGHOZDV GRQH WR WHVW WKH VWDWLVWLFDO YDOLGLW\ RI WKHPRGHOV 7KH
$QGHUVRQ±'DUOLQJWHVWDQGQRUPDOSUREDELOLW\SORWVRIWKHUHVLGXDOVYHUVXV WKHSUHGLFWHGUHVSRQVHIRUWKHWRROZHDU
9%PD[DQGVXUIDFHURXJKQHVV5DDUHSORWWHGLQ)LJD DQG E7KH WHVW GDWD YHU\ FORVHO\IROORZVWKHVWUDLJKW
OLQH7KHQXOOK\SRWKHVLVLV WKDW WKHGDWDGLVWULEXWLRQODZLVQRUPDODQGWKHDOWHUQDWLYHK\SRWKHVLVLV WKDW LW LVQRQ
QRUPDO8VLQJWKH 3 YDOXH ZKLFKLVJUHDWHUWKDQDOSKDRIOHYHORIVLJQLILFDQFHWKHQXOOK\SRWKHVLVFDQQRWEH
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D E
)LJ 1RUPDO3UREDELOLW\IRU D WRROZHDU9%PD[DQGEVXUIDFHURXJKQHVV5D
 'LVFXVVLRQ
7KH WRRO ZHDU LV RQH RI WKH LPSRUWDQW DVSHFWV LQ KDUG WXUQLQJ 8VXDOO\ DEUDVLRQ DGKHVLRQ DQG GLIIXVLRQ DUH
FRQVLGHUHG WR EH WKH PDLQ WRRO ZHDU PHFKDQLVPV LQ KDUG PDFKLQLQJ KRZHYHU WKH LQGLYLGXDO HIIHFW RI HDFK
PHFKDQLVPGHSHQGVRQWKH WRROJHRPHWU\WRROJUDGHFXWWLQJSDUDPHWHUVDQGZRUNSLHFH KDUGQHVV .RSDF
,Q )LJ  WKH EHKDYLRU RI WRRO ZHDU 9%PD[ ZLWK GLIIHUHQW FXWWLQJ SDUDPHWHUV LV VKRZQ 7KH WRRO ZHDU OLQHDUO\
LQFUHDVHVZLWKLQFUHDVHLQFXWWLQJSDUDPHWHUV,WLQGLFDWHVWKDWWKHLQFUHDVHLQWRROZHDUDWKLJKHUFXWWLQJFRQGLWLRQVLV
SUREDEO\ GXH WR WKH DEUDVLRQ DW WKH UDNH DQG IODQN IDFHV DV WKH PDFKLQLQJ WLPH SURJUHVVHV $EUDVLRQ ZDV WKH
SULQFLSDOZHDUPHFKDQLVPVREVHUYHGDWKLJKHUFXWWLQJFRQGLWLRQVDQGDGKHVLRQDW ORZHUFXWWLQJFRQGLWLRQV GXULQJ
WXUQLQJRIKDUGHQHG+VWHHOXVLQJFRDWHGFHUDPLFWRRO
D 9F PPLQ I PPUHYDQG G  PP
E 9F PPLQ I PPUHYDQG G PP
)LJ0LFURJUDSKLFLPDJHVRIZRUQFXWWLQJHGJHRIFRDWHGFHUDPLFWRRODWGLIIHUHQWFXWWLQJFRQGLWLRQV
)LJVKRZVWKHRSWLFDOPLFURJUDSKLFRIWKHWRROZHDUSURILOHRIFHUDPLFWRRODWGLIIHUHQWFXWWLQJFRQGLWLRQV,W
DSSHDUV WKDW ERWK WKH UDNH IDFH DQG IODQN IDFHZHUH VHYHUHO\ZRUQ XQGHU WHVW FRQGLWLRQV5LGJHV DQGPHFKDQLFDO
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DOVRVHUUDWHGFKLSVDEUDGHWKHWRROUDNHIDFHDQGFUHDWHVFDUVLQWKHUDNHZHDUVXUIDFH)LJVKRZVWKHHYLGHQFHIRU




WKH LQYHVWLJDWLRQ WKDW WKH WRRO ZHDU LV FRQFHQWUDWHG W\SLFDOO\ RQ WKH QRVH UHJLRQ EHFDXVH RI KLJKHU VWUHVVHV DQG
WKHUPDOVRIWHQLQJRIWRROPDWHULDOGXHWRKLJKHUWHPSHUDWXUHDWWKLVUHJLRQ +RUQJHWDO
)LJ &KLSIRUPDWLRQ GXULQJKDUGHQHG+WXUQLQJDW 9F PPLQI PPUHY DQGG PP
6XUIDFHURXJKQHVVLQIOXHQFHVQRWRQO\GLPHQVLRQDODFFXUDF\RIPDFKLQHG FRPSRQHQWV EXWDOVRWKHLU PHFKDQLFDO
DQG FKHPLFDO SURSHUWLHV 6XUIDFH URXJKQHVV LV D VLJQLILFDQW SDUDPHWHU WR HYDOXDWH WKH SHUIRUPDQFH RI WKH FXWWLQJ
WRROV GXULQJ KDUG PDFKLQLQJ7KH LUUHJXODULW\ RI DPDFKLQHG VXUIDFH LV WKH UHVXOW RI WKHPDFKLQLQJ SURFHVV ,W LV
LQFOXGLQJ VHOHFWLRQRIFXWWLQJFRQGLWLRQVHQYLURQPHQWDOFRQGLWLRQV,QKDUGWXUQLQJSURFHVVWKHVXUIDFHURXJKQHVVLV
SURPLQHQWO\ DIIHFWHG E\ D QXPEHU RI IDFWRUV VXFK DV WRRO JHRPHWU\ WRRO QRVH UDGLXVZRUN KDUGQHVV DQG FXWWLQJ
FRQGLWLRQV )LJ  VKRZV WKH ,QIOXHQFH RI FXWWLQJ SDUDPHWHUV RQ VXUIDFH URXJKQHVV 5D GXULQJ PDFKLQLQJ RI
KDUGHQHG$,6,+VWHHOZLWKFRDWHGFHUDPLFWRRO7KHVXUIDFHTXDOLW\RIWKHPDFKLQHGSDUWLQFUHDVHVZLWKLQFUHDVH
LQFXWWLQJVSHHG,WFDQEH FRQFOXGHG WKDW WKH ORZHUVXUIDFHURXJKQHVVYDOXHVDUHREWDLQHGDWKLJKHUFXWWLQJVSHHGV
GXH WROHVVYLEUDWLRQDQGORZHUIRUFHVFXWWLQJ IRUFH DQGWKUXVWIRUFHJHQHUDWHG /LPDHWDO$QGWKHVHFRQG
SRLQW LV WKDW DW KLJK FXWWLQJ VSHHG EHWWHU VXUIDFH ILQLVKZDV REWDLQHG VLQFH OHVV KHDWZDV GLVVLSDWHG WR WKHZRUN
PDWHULDODVLWZDVVZHSW DZD\LQWKHIORZLQJFKLSV 7KHPLQLPDOVXUIDFHURXJKQHVVUHVXOWVZLWKWKHFRPELQDWLRQRI
ORZIHHGUDWHDQGGHSWKRIFXWZLWKKLJKFXWWLQJVSHHG 7KHVXUIDFHURXJKQHVVLQFUHDVHVZLWKLQFUHDVLQJIHHGUDWHV
KRZHYHU LW UHPDLQVDOPRVWXQDIIHFWHGDW ORZHU IHHG UDWH ,W LQGLFDWHV WKDW WKHDPRXQWRIKHDWJHQHUDWLRQ LQFUHDVHV
ZLWKLQFUHDVHLQIHHGUDWHEHFDXVHWKHFXWWLQJWRROKDVWRUHPRYHPRUHYROXPHRIPDWHULDOIURPWKHZRUNSLHFH7KH








WRRO ZHDU DQG VXUIDFH URXJKQHVV 7KH UHGXFHG TXDGUDWLF PRGHO GHYHORSHG XVLQJ 560 LV UHDVRQDEO\
DFFXUDWHDQGFDQEHXVHGIRUSUHGLFWLRQZLWKLQWKHOLPLWVRIWKHIDFWRUVLQYHVWLJDWHG





x 7KH IHHG UDWH ZDV WKH KLJKHVW LQIOXHQFLQJ IDFWRU RQ VXUIDFH ILQLVK  FXWWLQJ VSHHG  DQG
IROORZHG E\ GHSWK RI FXW  7KH VXUIDFH ILQLVK ZDV LPSURYHG DV FXWWLQJ VSHHG ZDV LQFUHDVHG DQG
GHWHULRUDWHGZLWKIHHGUDWH
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x 7KH UHODWLRQVKLS EHWZHHQ FXWWLQJ SDUDPHWHUV DQG WKH SHUIRUPDQFH PHDVXUHV WRRO ZHDU DQG VXUIDFH
URXJKQHVV DUH H[SUHVVHG E\ PXOWLSOH UHJUHVVLRQ HTXDWLRQ ZKLFK FDQ EH XVHG WR HVWLPDWH WKH H[SUHVVHG
YDOXHVRIWKHSHUIRUPDQFHOHYHOIRUDQ\SDUDPHWHUOHYHOV
x 7KHXVHRI FRDWHG FHUDPLFWRROV 39'7L1 ZLWK VXLWDEOH FXWWLQJ SDUDPHWHUVRQKDUGWXUQLQJRI $,6, +
VWHHOSHUPLWDVXUIDFHURXJKQHVV5D P FRUUHVSRQGLQJ D JUHDW GLPHQVLRQDO DFFXUDF\ ZLWKRXWQHFHVVLW\
RIJULQGLQJ SURFHVV
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUHJUDWHIXO WR.HQQDPHWDO ,QGLD/WG%DQJDORUH IRU SURYLGLQJ IDFLOLWLHV WR FRQGXFW H[SHULPHQWV DQG
VXSSRUWWKURXJKRXWWKLVZRUN
5HIHUHQFHV
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